and broken into large chunks for transportation. It was later shredded for use as a fertilizer. The material is probably typical of that which may be available where other sewage disposal plants may be put into operation.
METHODS OF STUDY
A 5-ton bulk sample of sun-dried lagooned digested sludge was obtained for a series of studies to determine the practicability of using sewage sludge as a fertilizer. Subsamples were subjected to certain chemical and microbial analyses to obtain data indicative of decomposability, fertilizer value, and sanitary quality. For chemical analysis, some of the original tough, chunky material was chopped into small pieces, ovendried at 130° C for 2. hours, and ground in a Wiley mill to pass 60 mesh. Determination of number and types of microorganisms and of ammonia were made on a composite of small pieces taken aseptically from the larger air-dry masses. The bulk sample, designated as sample No. i, was taken in the fall before the rainy season; the main body of approximately 60 tons of sludge left in the lagoon was allowed to weather until the following summer, when some of it was ground to %-inch mesh for use on the soil. A sample of this material, designated as sample No. 2, was analyzed to determine the effects of weathering, particularly upon microorganisms and nitrogen.
Moisture was determined by drying to constant weight at 105° C; ash, by incineration at 900° C. The Gunning-Hibbard procedure was used for Kjeldahl nitrogen. Ammonia was determined by distillation from phosphate buffer solution at pH 4 (12).
3 Nitrates were determined by the phenoldisulfuric acid method on extracts obtained as from soils by Harper (7). For nitrites, the sulfanilic acid-a-napthylamine method (i) was employed. Sulf ates were estimated by turbidity (11). Phosphate was determined by Truog and Meyer's (14) modification of the Deniges method. Carbonates were determined by double titration, using phenolphthalein and bromcresol green-methyl red as indicators (4). Total carbon was determined by dry combustion. The glass electrode was employed for pH determinations.
Soluble potassium and calcium were removed from the soils used in greenhouse studies by treating 10 grams with •150 ml of 0.05 N HC1, warmed to about 60° C, for 15 to 20 minutes. The extract was filtered by suction on a Gooch crucible. Leaching was continued by adding small portionsof cold acid until a total of 500 ml of acid was leached through the soil. Each portion of acid was leached through the soil before the next portion was .added. The potassium in the leachate was determined as the cobaltinitrite by the For microbial counts, samples equivalent to 10 water-free substance were added to sterile water volume required to give 1: 10 dilution. These firs were shaken by machine for 15 minutes to insure suspension; further dilutions were then prepared f Bacteria and Streptomyces were determined on nut Pasteurized dilutions poured with this medium we estimate numbers of Bacillus. Fat-hydrolyzing were counted on plates of spirit blue agar (13) eosin methylene blue agar (Difco) was employed aerogenes differentiation. Peptone-flucose-acid aga used for plating molds. In all cases the series o was sufficiently inclusive to insure plates favora accurate count. Incubation was at 30° C for a p enough to give colony development adequate for d tion of the groups determined.
The greenhouse work was carried on during th Sunflowers were grown as indicator plants in g containing Chehalis silt loam soil. The cans punched in the bottom for drainage and watering daily. There were five sunflowers per can and all were in quadruplicate. The sludge treatments in the tables were mixed with the soil before planting were added in solution at intervals of two week application being made soon after the plants we thinned to five plants per can. A total of three a of 100 ml each were supplied. The complete nutrie contained nitrogen, phosphorus, potassium, and s salts used were 8.5 grams of calcium nitrate and sodium nitrate per liter to supply the nitrogen. potassium and phosphorus f/z grams of K 2 HPO 4 , of KH 2 PO4, and 6 l / 2 grams of NaH 2 PO 4 per liter A solution of 8 grams of magnesium sulfate per used as a source of sulfur. Both calcium and mag therefore provided incidentally in the solutions. were harvested, dried, and weighed after a to-we period.
Nitrification studies were made on 2oo-gram soil in beakers maintained at laboratory temper periods of 4 and 6 weeks. Moisture was maintai constant at near the capillary capacity by frequent The sludge was ground and treatments were mixe entire volume of soil in the beakers.
DISCUSSION OF ANALYTICAL RESU
From Table i it is apparent that the as of the sludge is very.high. For the original was over 5°%-The considerably lower a ash in sample No. 2 is probably due to thi of sludge being the last discharged from the and therefore representing the upper lay
